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CARGO LOADING SYSTEM FOR LOADING
AND UNLOADING A CARGO I'TEM,
METHOD FOR CREATING AND/OR

UPDATING A LOADING PLAN

BACKGROUND

The invention relates to a cargo loading system for loading,
and unloading a cargo deck and a method for creating and/or
updating a loading plan.

For transporting air cargo, the cargo items to be trans-
ported, 1n particular containers or pallets, which are preter-
ably fabricated 1n accordance with specific standards, are
fixed inside the cargo hold by means of locking elements on
the cargo deck of said cargo hold. Such locking elements
frequently form cargo loading paths between which the stan-
dardised cargo items can be positioned. Cargo loading sys-
tems which assist the ground staif during loading and unload-
ing are used to position the cargo items i1n the positions
intended for them. The cargo loading systems are intended to
speed up the process and preferably be very easy to operate as
the ground stafl have frequently not been given any instruc-
tion with regard to a specific cargo loading system. In addi-
tion, both loading and unloading 1s carried out under severe
time pressure which can easily lead to incorrect operation.

There 1s a growing trend for operating companies to want
to know where a particular cargo i1tem 1s located at any one
time. On one hand, this information 1s requested by customers
and, on the other hand, such information enables better evalu-
ation of the processes.

Furthermore, 1t 1s frequently the case that cargo 1tems are
unloaded at the wrong airport or are loaded onto the wrong,
aircrait.

A poor loading strategy can significantly disrupt opera-
tions even when a cargo 1tem 1s loaded onto the right aircratt.
For example, 11 an aircraft lands at several airports, 1t is
desirable for the cargo 1tems that are to be unloaded at the first
destination airport to be located 1n appropriate positions close
to the cargo hatches. Completely unloading the cargo deck
simply for the sake of a single wrongly positioned cargo item
costs both time and money. Hence there are loading plans
which indicate the desired position of a cargo item on the
cargo deck. Often, however, these loading plans are not com-
plied with as 1t 1s not possible to predict various parameters
(weight, number of cases per cargo item, etc.) accurately
enough 1n advance. There are also deviations from the cargo
loading plans created in advance because the current situation
requires 1t ({or example, a projecting length, a faulty section
of the cargo deck, etc.). In these circumstances, 1t 1s desirable
to be able to carry out a quick update of a loading plan. An
appropriate process should preferably be carried out auto-
matically.

Based upon this prior art, 1t 1s an object of the present
invention to provide an improved cargo loading system which
guarantees efficient loading and unloading of a cargo deck. In
particular, 1t should be possible to determine the current posi-
tion of a cargo 1tem on the aircrait deck of the cargo loading
system using the simplest components possible.

The said object 1s achieved by a cargo loading system
according to claim 1.

In particular, the object 1s achieved by a cargo loading
system for loading and unloading a cargo deck, 1n particular
an aircraft deck, wherein the cargo loading system comprises:

at least one cargo reading device mounted in the entrance

area of the aircraft, in particular an RFID reading device,
for detecting at least one 1dentifier of a cargo 1tem:;
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a plurality of freight conveying devices each having at least
one roller for conveying the cargo item along a convey-
ing route mnto an end position,

a control system which receives signals from sensors 1n
order to detect a movement of the cargo i1tem along the
conveying route and which i1s communicatively con-
nected to the cargo reading device,

wherein the control system 1s designed to detect the end
position of the cargo 1tem on the cargo deck based on the
signals and to store data which indicate said end position 1n
conjunction with the detected i1dentifier of the cargo item.

A basic 1dea of the teaching according to the invention
consists, therefore, of 1dentifying a particular cargo item at a
central point, for example near the cargo hatch or the entrance
area, and then of tracking the conveying route of the cargo
item on the aircrait deck. The conveying route makes 1t pos-
sible to assign an end position to the identified cargo 1tem.
According to the invention, this end position should be stored
in conjunction with the detected identifier.

A conveying route may be a continuous line, from a start-
ing point up to an end point, of the end position. Due to the
mechanical conditions (for example, a cargo deck only has
two conveyor tracks), the level of detail of a conveying route
can also be selected relatively roughly. Thus the conveying
route may indicate the path of the cargo item 1n sections, for
example only at specific branching points.

Moreover, it 1s not necessary to store the entire conveying,
route 1 one can indicate at any time where a specific cargo
item 1s located. In this respect, various transit stops can be
taken 1into account, wherein an assignment between 1dentifier
and position 1s possible at any time. In this respect, a convey-
ing route may also indicate only the path from one transit stop
to the next.

The design concept according to the mvention makes it
possible, without providing a plurality of cargo reading
devices which are scattered over the entire aircrait deck, to
determine the position of a specific cargo item relatively
accurately. The corresponding cargo deck can thus be
designed relatively easily. It 1s possible to dispense with
expensive reading devices which can interfere with each other
as their number 1ncreases.

The control system may be communicatively connected, in
particular via a communication bus, to the plurality of freight
conveying devices 1n order to detect activation of at least
some ol the freight conveying devices and/or to bring this
about. Likewise, the communication bus may also connect
individual sensors to the control system.

The control system may be implemented centrally or
locally.

In one embodiment, the cargo loading system according to
the mvention exclusively detects the activation states of the
freight conveying devices. By tracking these activation states
over time, 1t 1s possible to determine the conveying route
which a specific cargo item takes. Additionally or alterna-
tively, the control system may specily the activation of the
freight conveying devices such that the conveying route 1s
actively determined and not merely passively detected.

The accuracy of determining the conveying route 1s
improved if the dimensions of the cargo 1tem are known. The
control system may be designed to detect a dimension of a
base area of the cargo item and to process 1t for determiming,
the end position and/or conveying route of the cargo item. In
one embodiment, the dimensions are measured in the
entrance area of the aircrait by an appropriate sensor system,
for example a light barrier. In an alternative embodiment, the
detected 1dentifier makes it possible to determine the dimen-
sions of the base area. The cargo loading system may have
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appropriate tables. Alternatively, a portion of the identifier
may specily the base area and/or the type of cargo item.
According to the mvention 1t would also be possible to enter
the dimensions of the base area manually.

The sensors may comprise light sensors which are
arranged and formed on the cargo deck 1n such a manner that
they detect at least the presence of a cargo 1tem. Light sensors
on the cargo deck make 1t relatively easy to detect overlapping
of the relevant light sensor by a cargo 1tem. In this respect, 1t
1s relatively easy to determine the position of the cargo item at
a specific point 1n time with such sensors.

In one embodiment, the conveying route of a cargo 1tem 1s
determined taking into account sensor signals and signals
which indicate the activation state of the freight conveying
devices. In this way, a very precise conveying route can be
calculated.

At least one subset of the sensors may be arranged in a grid
spanmng the width of the cargo deck, preferably 1n the load-
ing and unloading area of said cargo deck. As cargo items are
normally rotated 1n the loading and unloading area and
aligned corresponding to the cargo loading path provided, 1t is
advantageous to have a relatively high sensor density in the
region of the loading and unloading area. Furthermore, the
individual cargo loading paths should be provided with
appropriate sensors at least in sections. In a preferred embodi-
ment, sensors for detecting the presence of the cargo item are
arranged at least every two meters in the longitudinal direc-
tion of a cargo loading path. These sensors are communica-
tively connected to the control system 1n order to detect the
conveying route of each cargo item.

At least one subset of the freight conveying devices may
comprise at least one sensor 1n each case, preferably two or
four sensors, for detecting the cargo item. In one embodi-
ment, these sensors are arranged on the relevant freight con-
veying device. The sensors preferably surround a roller. Cor-
responding arrangements are known and are used, 1nter alia,
to raise the roller of a specific freight conveying device at the
right time without it being damaged. In state-oi-the-art cargo
loading systems, alignment of the roller can also take place 1n
advance based on the sensor signals received.

At least one subset of the freight conveying devices should
be arranged according to the invention 1n a grid. This 1s
particularly advantageous in the loading and unloading area
of the cargo deck as cargo 1tems frequently pass by here and
change their conveying direction as required.

The control system can be designed to store at least some of
the signals as a signal set, in particular 1n conjunction with a
sequence and/or a time 1indication. Basically, it 1s suilicient to
store the 1dentifier of a cargo 1tem 1n conjunction with the end
position. In a preferred embodiment, details are also stored
which make it possible to reconstruct the conveying route
from the time at which the identifier of the cargo item was
detected through to the end position. Corresponding data can
be stored 1n the form of a signal set. In one embodiment, the
plurality of detected signals 1s stored 1n a sequence so that
there 1s an order which makes 1t possible to reconstruct the
chronological sequence of receiving the signals. Alterna-
tively or additionally, specific time indications can be stored
in conjunction with the signals or signal sets. This informa-
tion 1s preferably stored long-term so that 1t 1s still available
even at a later stage.

The control system may be designed to develop a control
strategy, taking 1nto account an entered loading position, and
to control a plurality of the freight conveying devices accord-
ing to said control strategy. As already explained, the control
system need not be designed merely to detect a control strat-
egy specified by a person such that 1t 1s ultimately possible to
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determine the end position. Cargo loading systems according
to the mvention may at least automate the loading process
such that the loading stail merely have to specity an end
position, wherein the control system determines a control
strategy such that the cargo 1tems approach this end position.
According to the mvention, the control system then monitors
the loading process in such a precise manner that the convey-
ing route ol the cargo item 1s detected and 1t can be ascertained
with certainty that a specific end position has been
approached. In particular, subsequent manual corrections
and/or later transshipment operations are detected, wherein
the system knows the exact position of a specific cargo 1tem at
any time.

The control system may also be designed to monitor the
conveying route of a transshipment operation of a cargo 1tem,
to determine a new end position of the cargo item taking into
account the conveying route, and to store the new end position
in conjunction with a detected 1dentifier of the cargo deck.
The control system according to the invention thus ensures
that the end position assigned to a specific cargo item or to a
specific 1dentifier 1s always up to date.

In addition, the object referred to at the outset 1s achieved
by an aircrait comprising the cargo loading system already
described. Similar advantages emerge, such as have already
been described 1n connection with the cargo loading system.

In addition, the object according to the invention 1s
achieved by means of a method for creating and/or updating
a loading plan, comprising the following steps:

Detecting an 1dentifier of a cargo item 1n at least one entry

or entrance area of a cargo deck;

Receiving a plurality of signals from sensors which are

distributed over at least one section of a cargo deck;

Determining a conveying route based on the signals;

Calculating an end position of the cargo 1tem, taking nto

account the conveying route;

Storing of data which indicate the end position, 1n conjunc-

tion with the detected identifier.

In one embodiment, the method 1s 1implemented by the
cargo loading system already described 1n one of the configu-
rations described.

Thus, on the method side, a loading plan 1s created and/or
updated, wherein 1n turn an 1dentifier 1s detected in a central
region, for example in the entrance area of the cargo deck, and
then an end position 1s determined based on tracking of a
conveying route. The data pair (1dentifier and end position)
can then be used to update the loading plan, which may
already be present, and/or to supplement 1t. No manual inter-
action 1s necessary. Finally, a specified loading plan can also
be compared with a loading plan created dynamically on the
basis ol the method described. Deviations can be detected and
displayed for a user. In this way, errors during loading and/or
unloading of the cargo deck can be 1dentified and corrected at
an early stage.

Detection of the identifier may comprise reading of a
memory mounted on the cargo item, 1n particular of an RFID
chip. Identification of cargo i1tems using RFID chips 1s rela-
tively easy and inexpensive.

Moreover, it 1s possible when using this technology to
dispense with the provision of energy sources on the cargo
items such that there 1s no need for maintenance on the cargo
item.

At least some of the signals from the sensors may be stored
in a time sequence and/or 1n conjunction with time 1ndica-
tions.

At least some of the signals may indicate an activation of an
actuator, 1 particular of a freight conveying device, at a
specific time.
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The said object 1s additionally achieved by means of a
computer-readable medium having instructions for performs-
ing the method already described, 1 particular in a specific
embodiment, 1f the instructions are executed on a central

processing unit.
Further advantageous developments emerge from the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The invention 1s described below with reference to several
embodiment examples which will be explained 1n more detail
with reference to drawings.

The figures show:

FIG. 1 a plan view of a cargo deck of an aircrait, wherein
the conveying route of a cargo item 1s 1llustrated schemati-
cally;

FI1G. 2 a detailed view of the cargo deck from FIG. 1;

FIG. 3 a schematic diagram of the control system accord-
ing to the mvention with actuators and sensors;

FIG. 4 a detailed view of the freight conveying devices of
the cargo deck according to FIG. 1;

FIG. 5 a schematic diagram of the cargo item from FIG. 1;

FIG. 6 an alternative embodiment of a cargo item:;

FIG. 7 a comner of a cargo 1tem according to FIG. 6 with
transponder holding device for an RFID tag.

DETAILED DESCRIPTION

In the following description, the same reference numerals
are used for i1dentical parts and parts acting 1n an 1dentical
mannet.

FIG. 1 shows a plan view of a cargo deck 10 with a cargo
loading system according to the imnvention. The cargo deck 10
1s essentially rectangular and extends 1n the X-Y plane (theY
direction corresponds to the aircraft’s longitudinal direction
and the X direction to the transverse direction) of the aircrait
and 1s limited by a left side wall 1 and a right side wall 2. The
left side wall 1s interrupted 1n sections to form a door opening
7. A cargo container 30, as shown schematically in FIG. 5. 1s
introduced 1nto the cargo hold through the door opening 7. An
essential component of the cargo loading system i1s a control
system 20 which 1s communicatively connected to the 1ndi-
vidual sensors and actuators of the cargo deck 10.

The control system 20 1s designed to detect an 1dentifier of
the cargo container 30 by means of RFID sensor devices 25,
25" inserted 1n the floor 1n the entrance area close to the door
opening 7. Alter this, the control system 20 tracks the path
which the cargo container 30 takes up to its end position (cf.
position of the cargo container 30 1n FIG. 1). This path (cf.
dashed arrow of FIG. 1) provides information about a con-
veying route F along which the cargo container 30 will be
guided. According to the invention, the control system 20
uses the conveying route F 1n order to determine the end
position of the cargo container 30 and to store this in conjunc-
tion with the detected 1dentifier of the cargo container. This
identifier 1s preferably stored in an RFID tag 34 which 1s
fastened to the cargo container 30 (ci. FIG. 5).

The cargo deck 10 of FIG. 1 15 essentially symmetrical to a
central plane 5. A plurality of central latches 11, 11', 11", 11°
are arranged along this central plane 3. These central latches
11,11", 11", 11™ define a first cargo loading path A (left) and
a second cargo loading path B (right). Cargo 1tems, in par-
ticular the cargo container 30, can be fixed within these cargo
loading paths and take up their end position. The cargo load-
ing paths A, B are equipped with a plurality of freight con-
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6

veying devices, for example the freight conveying devices
200, 210. The arrangement of the freight conveying devices
200, 210 1n the cargo loading paths A, B 1s also essentially
symmetrical to the central plane 5. The density of the freight
conveying devices 100, 110, 120, 130, 140, 150, 160, 170,
180, 190 1s particularly high in the loading and unloading area
of the cargo deck 10 close to the door opening 7 such that the
cargo container 30 can be rotated 1n this area. In addition, the
cargo container 30 1s aligned in this area 1n such a manner that
it can be moved 1nto one of the cargo conveying paths A or B.
The control system 20 according to the invention tracks this
alignment process accurately such that the conveying route F
can be determined.

The freight conveying devices 100, 110, 120, . . . 210 are
designed to transport the cargo container 30 entering and to
push 1t into a specified position within the cargo loading path

A, B. The freight conveying devices 100, 110, 120, ..., 210
may, for example, be such as those defined in DE 198 07 229
Al. Theoretically, the same freight conveying devices 100,
110, 120, ..., 210 can be used on the entire cargo deck 10.
Preferably, however, the freight conveying devices 200, 210
from the cargo conveying paths A, B have a smaller range of
functions (e.g. no rotating function).

FIG. 4 shows, by way of example, a detailed view of the
freight conveying device 100. The freight conveying device
100 has an annular frame 105 and a circular rotating plate 103
arranged 1n said frame 105 (it 1s possible to dispense with
such a rotating plate with the freight conveying devices 200,
210 of cargo conveying paths A, B). Rotating plate 103 1s
rotatably supported within the frame 1035 1n such a manner
that 1t can be rotated about a rotational axis 1n the X-Y plane.
The freight conveying device 100 has corresponding actua-
tors and sensors such that the rotating plate 103 can be aligned
arbitrarily within the frame 105. The sensors provide inifor-
mation about the alignment of the rotating plate 103 within
the frame 105. According to the invention, the control system
20 queries these sensors in order to determined the conveying
route L.

The rotating plate 103 accommodates a roller drive unit
101 which actuates the drive rollers 102a, 10254. The drive
rollers 102a, 1025 are designed to propel the cargo container
30 1n a direction transverse to the rotary axis of said drive
rollers 102a, 1026 essentially within the X-Y plane. The
freight conveying device 100 additionally comprises four
sensor devices 104a, 1045, 104¢, 1044 which are arranged on
the frame 105. The alignment of the rotating plate 103 does
not atiect the position of the sensor devices 104a, 1045, 104c,
104d. The sensor devices 104a, 1045, 104¢, 1044 are prefer-
ably each arranged on opposing sides of the frame 103 and
can each detect overlap by a cargo 1tem separately from each
other. According to the mvention, the sensor devices 104a,
1045, 104¢, 1044 may comprise a photodetector and a light
emitting diode in order to guarantee the described function
(overlap detection).

The control system 20 according to the invention also
queries the sensor devices 104a, 1045, 104c, 1044 of the
freight conveying devices 100, 110, . . . , 190 1n order to
determine the conveying route F. The freight conveying
devices 200, 210 of the cargo conveying paths A, B are also
equipped with corresponding sensor devices 104a, 1045,
104¢, 1044 which are communicatively connected to the con-
trol system 20. In this respect, detection o the cargo container
30 1s also possible within the cargo conveying paths A, B.

Due to the arrangement of the individual freight conveying,
devices 100, 110, 120, . . . , 190 already described with
reference to FIG. 1 and the equipping of each of said freight
conveying devices 100,110,120, ..., 190 with corresponding
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sensor devices 104a, 1045, 104¢, 1044, a network of sensor
devices emerges which covers the loading and unloading area
of the cargo deck 10 1n a relatively close mesh. This plurality
of sensor devices 104a, 104b, 104¢, 140d renders 1t possible
to determine the position of a cargo container entering, in
particular the cargo container 30, relatively accurately due to
a characteristic overlap pattern. Thus the present invention
exploits the fact that, due to the plurality of sensor devices
104a, 10456, 104c¢, 1404 present, 1t 1s possible to effectively
determine the position of the cargo container 30. The posi-
tions 1n conjunction with the time result 1n a dataset which
indicates the conveying route F.

Alternatively, the conveying route F can be indicated by an
ordered overlap pattern of the sensor devices 104a, 1045,

104c, 104 of the freight conveying devices 100,110, 120, . . .,

210 and stored. For example, the following log can specity the
conveying route F illustrated in FIG. 1:

1. Overlapping of the freight conveying devices 100, 110,
120;

2. Overlapping of the freight conveying devices 140, 150,
160;

3. Overlapping of the freight conveying device 180;

4. Overlapping of the freight conveying device 190.

Assuming that the cargo loading system loads each con-
veying path A, B such that the freight containers 30 are parked
more or less immediately next to each other and the end
positions of the cargo containers 30 loaded so far are known,
this short log 1s already suflicient for determining the end
position of the corresponding freight container 30.

In one embodiment of the invention, however, the overlaps
of the freight conveying devices 100, 110, 120, .. ., 210 are

logged until the cargo container 30 has reached 1ts end posi-
tion (=overlap pattern no longer changes).

In one embodiment, each freight conveying device 100,
110,120, . . ., 210 supplies only one status flag 1n respect of

the overlap (the information of the four sensor devices 104a,
1045, 104¢, 1404 per freight conveying device 100, 110,

120, ... .,210 is combined into one status).
In another embodiment (FIG. 3), the control system 20
receives the individual signals of the relevant sensor devices

104a,1045,104¢, 1404 via the freight conveying devices 100,
110, 120, . . ., 210. In addition, 1t receives signals from the
RFID reading devices 25, 25" which are preferably inserted on
the tloor side 1nto the cargo deck 10. Optionally, the received
identifier may also contain details about the dimensions of the
cargo container 30 such that the position can be determined
even more accurately based on the recerved overlap pattern.

As 1llustrated 1n FI1G. 3, the control system 20 comprises a
memory device 21 and a processor 22. The memory device
stores, inter alia, instructions for performing the method
according to the invention which are executed on the proces-
sor 22. In addition, the memory device 21 may contain one or
a plurality of tables which indicate a specific end position for
cach cargo 1tem moved in. These tables are updated dynami-
cally during the loading process.

According to the invention, the control system 20 can be
designed 1n such a way that this table 1s updated during transit
stops of the aircrait. For example, during an appropriate tran-
sit stop, the cargo container 30 may be moved from its earlier
end position to a new end position. This changed end position
can again be stored in conjunction with the identifier of the
cargo container 30. In addition, new cargo containers 30 may
be positioned on the cargo deck and cargo containers 30
loaded at an earlier time may be unloaded. The described
control system 20 detects the associated cargo conveying
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route F for each loading and unloading process and transship-
ment process and updates the relevant table based on the
information gained.

In addition, the control system 20 has an optional input
device 24 in the embodiment described. Thus, for example,
the control system 20 may be designed to carry out some
partial operations of a loading process automatically, for
example the rotation of a cargo item. After thus, the cargo 1tem
may be conveyed manually via the mput device 24. In par-
ticular, the ground staff may select the cargo loading path A or
B and have the appropriate cargo 1item moved into one of these
cargo loading paths A or B. The control system 20 according
to the invention tracks the conveying route F which the cargo
item takes and therefore knows the end position of the rel-
evant cargo item, regardless of whether the loading process
has been carried out manually or automatically or partially
automatically.

FIG. 5 illustrates the cargo container 30 purely by way of
example. This 1s shown as a square shape for ease of 1llustra-
tion. The underside of the cargo container, the cargo base 31,
has a protruding edge in which an RFID tag 34 1s incorpo-
rated. According to the invention, this RFID tag 34 1s located
in a corner of the cargo container 30. The precision of the
method according to the invention may be increased 1f a
plurality of RFID tags 34 1s provided, for example one in each
corner. The RFID tag 34 1s preferably arranged in such a
manner that it 1s detectable from underneath, that 1s from a
direction perpendicular to the cargo hold floor 31.

FIGS. 6, 7 show a cargo container 30 with four correspond-
ingly arranged RFID tags 34.

As can be seen with reference to FI1G. 6, the cargo container
30 has a frame with four corner profiles 40, 40', 40", 40". Each
of these four corner profiles 40, 40', 40", 40™ has a transpon-
der holding device 50 1n the corner profile 40.

FIG. 7 1llustrates the arrangement of the transponder hold-
ing device 50 in the corner profile 40.

The corner profile 40 1s preferably open towards the bottom
such that an RFID tag 34 held in the transponder holding
device 1s readable from below. In this respect, the RFID
sensor devices 25, 25' from FIGS. 1 and 2 can detect the
corresponding RFID tags 34.

According to the invention, a loading plan can be created
dynamically during loading of the aircrait. An approprate
method may comprise the following steps:

Detecting an 1dentifier of the cargo container;

Receiving a plurality of signals from the sensors 104a,

10456, 104c, 1404,

Determining a conveying route (F) based on the signals;

Calculating an end position of the cargo container 30,

taking into account the conveying route;

Storing of data which indicate the end position and the

detected 1dentifier of the cargo container 30.

Detection of the i1dentifier of the cargo container 30 may
take place on entering through the door opening 7 by means of
the RFID sensor devices 25, 258" integrated in the cargo deck
10. The control system 20 queries these RFID sensor devices
25, 25' and stores the detected identifier. This produces a
characteristic overlap pattern 1n the loading and unloading
area which changes over time. The control system 20 detects
the signals of the sensors 104a, 1045, 104¢, 1404 at least of
the relevant freight conveying devices 100, 110, . .., 210 at
regular intervals. The overlap patterns are stored in the
memory device 21 as a function of the time. After an align-
ment of the cargo container 30 parallel to the cargo conveying
path B, the cargo container 30 enters said conveying path B.
The sensors 100a, 1005, 100c¢, 1004 of the freight conveying

devices 200, 210 installed 1n the cargo conveying path B are
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also queried at regular intervals. Here too, an overlap pattern
emerges which migrates towards the tail of the aircraft 1n the

course of the journey of the cargo container 30. As soon as the
cargo container 30 has reached 1ts end position, the overlap
pattern no longer changes. The control system 20 can identify
this static state and takes 1t as an indicator that the cargo
container 30 has reached 1ts end position. At this point, the
end position 1s stored in conjunction with the identifier
detected at the beginning. The data which indicate the end
position may, for example, be the specific overlap pattern of
certain freight conveying devices 100, 110, . . ., 210. Alter-
natively, the cargo deck 10 may be logically divided into
various loading positions. Each position may have an identi-
fication number (al, a2, a3, ... ; b1, b2, ... ) which 1s then
stored 1n conjunction with the identifier of the detected cargo
item.

According to the mvention, it 1s possible for the cargo
container 30 to be moved from 1ts original end position to a
different end position. For example, the cargo container 30
according to FIG. 1 may be moved from conveying path B
into conveying path A during a transit stop of the aircraft. The
control system 20 according to the mmvention monitors the
conveying process as described and determines the corre-
sponding conveying route F. The conveying route F 1s used
according to the mnvention to determine the new end position
of the cargo container 30 1n the conveying path A. When
determining the end position, information already gained, for
example the positions of other cargo containers 30, may be
used. As soon as the transshipment process 1s complete, the
control system 20 again stores the 1dentifier in conjunction
with the end position. Alternatively, an already stored dataset
may be updated.

In the embodiment described, the cargo deck 10 has only
two cargo conveying paths A, B. It 1s readily possible to apply
the teaching according to the mvention to a cargo deck 10
which has a plurality of conveying paths, for example three or
four. The method according to the invention 1s also useful 1n
connection with a cargo deck 10 which provides no specified
division into two cargo paths A, B. With an appropriate sensor
density, 1t 1s possible to detect any configurations of the cargo
deck 10 and any associated conveying routes F.

The teaching according to the invention may also be used in
connection with a cargo deck 10 which offers various con-
figurations. Theoretically, it 1s possible for the specific con-
figuration to be entered manually before the beginning of the
loading process. Alternatively, the control system 20 detects
the states of the appropriate latches such that dynamic deter-
mination of the cargo deck configuration 1s guaranteed.

Inthe embodiment described, the aircrait has a correspond-
ing cargo deck 10. The teaching according to the invention
may be readily used for a cargo deck 10 1n a storage hall, a
factory or similar.

In the embodiment described, relevant sensors are
arranged 1immediately on or close to the freight conveying
devices. It 1s readily possible to arrange the sensors at other
positions regardless of the freight conveying devices.

LIST OF REFERENCE NUMBERS

1, 2 Side wall
5 Central plane

7 Door opening
10 Cargo deck

11, 11", 11", 11'™ Central latch
20 Control system

21 Storage device

22 Processor

10

15

20

25

30

35

40

45

50

55

60

65
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24 Input device
25, 25' RFID sensor device
30 Cargo container

31 Cargo base
34 RFID tag

40, 40', 40", 40" Corner profile

50 Transponder holding device

100, 110, 120, . . ., 210 Freight conveying devices
101 Roller drive units

1024, 1025 Drive rollers

103 Rotating plate

104a, 1045, 104c, 1044 Sensor devices

103 Frame

106 Rotational axis

X, Y, Z X-direction, Y-direction and Z-direction
A Cargo loading path A

B Cargo loading path B

F Conveying route

The invention claimed 1s:

1. A cargo loading system for loading and unloading a
cargo deck, 1 particular an aircraft deck, comprising:

at least one cargo reading device mounted 1n the entrance
area of the aircraft, in particular an RFID reading device,
for detecting at least one 1dentifier of a cargo 1tem:;

a plurality of freight conveying devices each having at least
one roller for conveying the cargo item along a convey-
ing route into an end position,

a control system which receives signals from sensors 1n
order to detect a movement of the cargo 1item along the
conveying route and which 1s communicatively con-
nected to the cargo reading device,

wherein the control system i1s designed to detect the end
position of the cargo 1tem on the cargo deck based on the
signals and to store data which indicate said end position
in conjunction with the detected i1dentifier of the cargo
item.

2. The cargo loading system according to claim 1, wherein
the control system 1s communicatively connected, 1n particu-
lar via a communication bus, to the plurality of freight con-
veying devices in order to detect activation of at least some of
the freight conveying devices and/or to bring this about.

3. The cargo loading system according to claim 1, wherein
the control system 1s designed to detect a dimension of a base
area ol the cargo 1item and to process it for determining the end
position and/or conveying route of the cargo item.

4. The cargo loading system according to claim 1, wherein
the sensors comprise light sensors which are arranged and
formed on the cargo deck 1n such a manner that they detect at
least the presence of a cargo 1tem.

5. The cargo loading system according to claim 1, wherein
at least one subset of the sensors 1s arranged 1n a grid spanning
the width of the cargo deck, preferably in the loading and
unloading area of said cargo deck.

6. The cargo loading system according to claim 1, wherein
at least one subset of the freight conveying devices comprises
at least one sensor 1n each case, preferably at least two or four
sensors, for detecting the cargo 1tem, wherein the sensors are
arranged on the relevant freight conveying device, preferably
surrounding at least one roller.

7. The cargo loading system according to claim 1, wherein
at least one subset of the freight conveying devices 1s arranged
in a grid, preferably 1n the loading and unloading area of the
cargo deck.

8. The cargo loading system according to claim 1, wherein
the control system 1s designed to store at least some of the
signals as a signal set, in particular 1n conjunction with a
sequence and/or a time 1ndication.
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9. The cargo loading system according to claim 1, wherein
the control system 1s designed to develop a control strategy,
taking 1into account an entered loading position, and to control

a plurality of the freight conveying devices according to said
control strategy.
10. The cargo loading system according to claim 1,
wherein the control system 1s designed
to monitor the conveying route (F) of areparking process of
a cargo 1tem;

to determine a new end position of the cargo item, taking 10

into account the conveying route; and
to store the new end position 1n conjunction with the
detected 1dentifier of the cargo deck.

11. A method for creating and/or updating a loading plan,
in particular by means of a cargo loading system according to
claim 1, comprising the steps:

Detecting an 1dentifier of a cargo item i1n at least one

entrance area of a cargo deck;

Receiving a plurality of signals from sensors which are

distributed over at least one section of a cargo deck;

12

Determining a conveying route based on the signals;

Calculating an end position of the cargo 1tem, taking into

account the conveying route;

Storing of data which indicate the end position, 1n conjunc-

tion with the detected identifier.

12. The method according to claim 11, wherein detection
of the 1dentifier comprises reading of a memory mounted on
the cargo 1tem, 1n particular of an RFID chip, using a reading
device.

13. The method according to claim 11, wherein at least
some of the signals from the sensors are stored in a time
sequence and/or 1n conjunction with time indications.

14. The method according to claim 11, wherein at least
some of the signals indicate an activation of an actuator, 1n
particular of a freight conveying device, at a specific time.

15. A computer-readable medium having instructions for
performing the method according to claim 11 wherein the
instructions are executed on a central processing unit.
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